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Abstract
Focus of the present study is on the fate of sulphur during coal combustion and modelling of the corresponding
SOx formation mechanisms. The sulphur chemistry during coal combustion in general is brieﬂy described and potential
eﬀects of the oxy-fuel conditions are explained. Details about the developed sulphur chemistry model which covers
both heterogeneous and homogeneous reaction pathways are given. The model describes the sulphur transformation in
a sequence of stages: the release of coal-bound sulphur, gas phase reactions of sulphuric species, and self-retention of
sulphur oxides by coal ash.
The model is evaluated against experimental data from IFK’s semi-industrial scale furnace (500 kWth) ﬁring lignite
at conventional and oxy-fuel combustion conditions. Four reference cases are considered, i.e. air and oxy-fuel mode
in both non-staged and staged operation. Based on the results from the basic combustion simulation with AIOLOS, the
sulphur chemistry model has been applied in a subsequent post-processing step. The sulphur related results show that
the general trends regarding the species concentrations may be predicted correctly. The speciﬁc characteristics and the
eﬀect of oxy-fuel conditions and oxidant staging are captured correspondingly within the simulation results. Yet, certain
deﬁciencies concerning the quantitative prediction could be identiﬁed which necessitate further investigations.
c© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of GHGT
Keywords: SOx emissions, oxy-fuel combustion, CFD modelling, model validation
Nomenclature
A pre-exponential factor [var.]
E activation energy [J/kmol]
ΔG standard free Gibbs energy [J/kmol]
ΔH heat of reaction
[
J/kg
]
k rate constant [var.]
m mass
[
kg
]
R universal gas constant [J/(molK)]
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t time [s]
T temperature [K]
Φ scaling factor accounting for catalytic eﬀects [1]
1. Introduction
Emission control as well as global warming are major driving forces for research in the ﬁeld of fossil
fuel combustion. Regarding emission behaviour during fossil fuel combustion main emphasis is on NOx,
SOx, and particulate matter amongst others. On the one hand, SOx emissions are harmful and cause acid
rain. Accordingly, legal restrictions are set in order to control emissions of sulphuric pollutants from power
plants. In general, these restrictions are met by means of corresponding management of the combustion
process as well as by ﬂue gas desulphurization (FGD) within the ﬂue gas path. On the other hand, the
presence of sulphur in coal and the subsequent release into gaseous compounds is associated with high
temperature corrosion at the furnace walls and at tube bundle heat exchangers in the convective pass as
well as with low temperature corrosion due to condensation of sulphuric acid in the economizer and the
pre-heater of combustion air. The corrosive attack aﬀects boiler operation and consequently the availability
of power plants. This may require adaption and optimization of the power plant’s process layout. Moreover,
there is an impact on ash quality due to retention of SOx species in the ﬂy ash.
In recent years, tremendous eﬀort was put into the development of carbon capture and storage (CCS)
technologies within the process of power generation from fossil fuels in order to reduce the release of CO2
which is seen as one of the major greenhouse gases. The oxy-fuel process which may be utilized in coal-
ﬁred power plants has emerged as a promising option for applying the CCS technology. An illustration of
the oxy-fuel power plant process within the CCS chain is shown in Fig. 1. Detailed reports focusing on the
oxy-fuel process, its challenges, and the on-going research are given in the literature [1–6]. This process
relies on recycled ﬂue gas as the main heat carrier through the boiler and results in signiﬁcantly diﬀerent ﬂue
gas compositions compared to conventional air-ﬁring. Accordingly, the gas composition as well as diﬀerent
ﬂame characteristics during coal combustion at oxy-fuel conditions are expected to inﬂuence the emission
behaviour and the associated formation mechanisms of SOx species. Therefore, the purpose of the present
study is to develop an eﬃcient model which describes the transformation of sulphuric compounds during
coal combustion yielding quantitative information about the amount of SOx in the ﬂue gas and the SO2/SO3
ratio, respectively. This aims at investigating possible implications and corresponding risk potential caused
by sulphuric gas species due to corrosion and impurities in the ﬂue gas by means of Computational Fluid
Dynamics (CFD) simulations.
Fig. 1: Simpliﬁed schematic of the oxy-fuel process with its main stages: air separation, combustion with
ﬂue gas recycling, exhaust gas conditioning, and CO2 separation (adapted from [7])
Sulphur chemistry during the coal combustion process. It is generally accepted that fuel-bound sulphur is
present in the coal as one of the following fractions [8]: (a) organic sulphur which is an integral part of the
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coal structure, (b) inorganic sulphur, mostly as discrete mineral pyrite and marcasite particles of ’lumps’, and
(c) sulphate as salts of metals such as calcium and iron. During coal combustion sulphur species are released
and converted in the combustion atmosphere resulting in the emission of mainly SO2. The corresponding
mechanisms are inﬂuenced by numerous factors such as the coal type and its sulphur compounds, and by
the combustion conditions. In general, the organic sulphur is less stable than the inorganic compounds and
most of it is released during the devolatilization process forming sulphuric species (mainly H2S, SO2, COS,
and CS2) [9–12]. Of all the volatile sulphur species H2S is the most abundant. However, a certain fraction of
the organic sulphur remains trapped in the char and is therefore released subsequently during char burnout
[13].
Regarding the inorganic sulphur, pyrite (FeS2) is generally considered to be the main fraction. During
coal combustion pyrite is decomposed to pyrrhotite (FexS) and oxidized to magnetite (Fe3O4) and subse-
quently converted to haematite (Fe2O3) accompanied by a melting process. In parallel, gaseous species
are released in the form of molecular sulphur and SO2. While the transformation is initiated during the
heating of the coal particles, the total process lasts until the char burnout occurs. Accordingly, the pyrite
transformation may be summarized with the following set of reactions [14]:
2 FeS2 → 2 FeS + S2 (R.1)
2 FeS→ 2 Fe + S2 (R.2)
S2 + 2 O2 → 2 SO2 . (R.3)
Furthermore, it should be noted that due to the simultaneous mineral melting the pyrite behaviour has major
impact on slagging and fouling tendencies and therefore on corrosion propensity at boiler heating surfaces.
After most of the coal-bound sulphur is decomposed, there is a certain pool of sulphuric gas species.
At oxygen-rich conditions H2S is quickly converted to SO2 which is also the thermodynamically favored
sulphur oxide at high temperatures (> 1000 ◦C). At lower temperatures, however, equilibrium shifts towards
SO3 and SO2 may be subsequently oxidized to form SO3 in the post-ﬂame region [15, 16] according to
SO2 + O (+M) SO3 (+M) (R.4)
or by secondary formation via HOSO2,
SO2 + OH (+M) HOSO2 (+M) (R.5)
HOSO2 + O2  SO3 + HO2 . (R.6)
Although the SO3 formation may be catalyzed by iron oxides which are bound in ﬂy ash and ash deposits
[17, 18], the corresponding mechanism is relatively slow and the resulting concentration of SO3 is several
orders of magnitude lower than that of SO2. Typically, about 0.1–1 % of SO2 is converted to SO3 during
conventional air-ﬁred combustion [15, 19].
Part of the coal-bound sulphur can also remain in the minerals without being emitted with the ﬂue gas
due to self-retention (or natural retention). In general, all coals contain a certain amount of alkali and
alkaline earth metal compounds which form oxides during the combustion process. These oxides remain
within the coal ash and contribute to sulphur retention reactions by absorbing sulphuric gas species [17, 20].
Calcium plays a dominant role for the self-retention by ash and, hence, the Ca/S molar ratio as well as Ca
reactivity in the coal are important parameters. Accordingly, this process is primarily important for coals
with high Ca content and high reactivity like lignite coals [9]. Both SO2 and SO3 may react during char
combustion with calcium oxides to form sulphates which are retained in the ash:
2 CaO + 2 SO2 + O2 → 2 CaSO4 (R.7)
CaO + SO3 → CaSO4 . (R.8)
To conclude, the conversion pathways of coal-bound sulphur result in SO2 being the major sulphuric
gas species in the ﬂue gas. The concentrations of other minor species (H2S, COS, SO3) are expected to be
negligible for conventional air-ﬁred coal combustion at conditions typical for pulverized coal furnaces.
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Sulphur chemistry under oxy-fuel combustion conditions. Experimental studies and equilibrium calcu-
lations yielded contradictory results when comparing oxy-fuel to air-ﬁred combustion [21–25]. A review
of experimental results and a brief summary of the current state of knowledge is given by Santos [26]. In
most cases, however, it is concluded that the mechanisms of H2S/SO2/SO3 formation and reduction are
fundamentally similar at oxy-fuel conditions. Similar to conventional air-ﬁred combustion, the level of SO2
emissions in case of oxy-fuel combustion is strongly dependent on the coal’s sulphur content. SO2 concen-
trations (in
[
ppmv
]
) are reported to be signiﬁcantly higher under oxy-fuel conditions, which is mainly due
to the replacement of air-borne nitrogen by recycled ﬂue gas and corresponding accumulation eﬀects of SO2
within the furnace [3, 16, 27–29]. On the contrary, the SO2 emissions in terms of total sulphur mass output
(speciﬁc mass per unit energy supplied, in
[
mg/MJ
]
) are expected to be lower under oxy-fuel conditions
which is mainly attributed to lower volumetric ﬂows and signiﬁcant retention in the ash. Accordingly, high
SO2 concentrations in the furnace inhibit the decomposition of the sulphates formed during retention and
therefore, the system’s desulphurization eﬃciency is enhanced [30, 31].
Elevated SO2 concentrations also promote higher levels of other sulphuric gas species. In-ﬂame mea-
surements of H2S in combination with doping of SO2 – in order to simulate SO2 recycling – have revealed
that higher H2S concentrations should be expected [24, 25]. The amount of increase is, however, very much
depending on the coal rank as higher H2S concentrations are detected with high volatile coals. Gas-phase
chemistry modelling as well as SO3 measurements indicate that higher concentrations occur during oxy-fuel
combustion [32–34]. The modelling reveals a very complex behaviour of SO3 due to a variety of implica-
tions such as the eﬀect of SO2, O2, NOx, and CO concentrations as well as ﬂame stoichiometry, residence
time, and ﬂue gas recycling conditions. As a matter of fact, the risk of dew point corrosion is higher as the
sulphuric acid dew point is higher than in conventional ﬁring systems because of the higher vapour content
– especially in wet recycling mode – and higher SO3 concentrations [28, 35].
Furthermore, the impact of sulphuric gas species within the subsequent steps of the oxy-fuel process
chain is still an open issue [35]. In order to avoid conceivable damages during compression and transporta-
tion of the CO2-rich ﬂue gas and the ﬁnal disposal in geological storage sites, sulphuric impurities need to
be controlled during the entire process. Nonetheless, there are many options for SOx removal as well as
remedial possibilities throughout the process, e.g. fuel desulphurization (prior to combustion), limestone
addition, and conventional ﬂue gas cleaning measures (such as wet ﬂue gas desulphurization). However, up
to now there are no legal restrictions deﬁned regarding the CO2 purity within CCS [36], and therefore, it is
generally recommended to minimize the impurities whenever possible.
2. Modelling approach
In recent years, CFD modelling of pulverized coal combustion has emerged as a cost-eﬃcient tool for
general engineering applications such as basic layout studies and operational optimization as well as for fun-
damental research. Coal combustion modelling has to account for the thermo-physical phenomena – mainly
multi-phase ﬂow, chemical reactions, and heat transfer – and their mutual interactions during the combustion
process. Accordingly, CFD modelling may yield very detailed information about the combustion behaviour
and in combination with experimental studies fundamental understanding of speciﬁc processes such as pol-
lutant formation may be improved. Recently, the IFK’s in-house developed CFD code AIOLOS has been
extended in order to account for the speciﬁc oxy-fuel conditions [37–39].
In the following, the developed sulphur chemistry model will be presented. Due to the relatively small
impact of the sulphur chemistry on the temperature and the ﬂow ﬁeld compared to the main combustion
reactions, the sulphur chemistry model is applied in a post-processing step based on the results of a basic
combustion simulation.
Release of coal-bound sulphur compounds. The sulphur transformation is assumed to occur in a sequence
of stages: the release of coal-bound sulphur, gas phase reactions of sulphuric species, and self-retention of
sulphur oxides by coal ash. Correspondingly, the model consists of separate steps. In order to describe the
release of coal-sulphur, the pathways of organic and inorganic sulphur compounds are treated individually.
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Organic sulphur compounds are assumed to be released completely as H2S during pyrolysis and the
devolatilization process of the raw coal. The associated release rate follows the temperature-dependent
Arrhenius law
dmrel,org
dt
= −Arel,org · exp
(
−Erel,org
RT
)
. (1)
The related rate parameters, Arel,org and Erel,org, are adopted from the parameters corresponding to the de-
volatilization process within the AIOLOS code [37].
The inorganic sulphur is assumed to remain within the residual char during the devolatilization process
due to its more stable structure. Within a simpliﬁed approach all inorganic sulphur is supposed to be con-
verted into SO2 during char burnout. Accordingly, the inorganic sulphur release has been modelled as a
single-step process [40]. The corresponding release rate of SO2 from inorganic sulphur is calculated via
the general char conversion model which is implemented in the AIOLOS code. The corresponding kinetic
parameters are adopted from the char oxidation reaction parameters [37].
Homogeneous reactions of sulphuric gas species. For modelling of the homogeneous reactions within the
AIOLOS code either the ﬁnite-rate Eddy-Dissipation Combustion Model [41] or the Eddy-Dissipation Con-
cept [42] may be utilized. Both approaches account for the interaction of turbulence and reaction chemistry.
The release stage of the sulphur chemistry model yields two stable sulphuric gas phase species which
are formed during devolatilization and char burnout, namely H2S and SO2. Subsequent homogeneous re-
actions of these volatile species are modelled based on the temperature and species distribution resulting
from the basic combustion simulation. The oxidation and thermal decomposition of H2S has been studied
experimentally and kinetically in the literature [43, 44]. The present model describes the oxidation of H2S
with a simpliﬁed global reaction:
2 H2S + 3 O2 → 2 SO2 + 2 H2O . (R.9)
The Arrhenius parameters A(R.9) = 1.5 × 1010 m/s and E(R.9) = 1.3 × 105 kJ/mol are used to determine the
corresponding kinetic rates [45]
k(R.9) = −A(R.9) · exp
(
−E(R.9)
RT
)
· [H2S] · [O2] . (2)
As already discussed in the previous chapter, SO2 may be further oxidized to form SO3. Due to the
speciﬁc oxy-fuel conditions, this pathway is expected to be of higher importance which might be an issue
regarding potential risks of dew point corrosion. In order to allow predictions of SO3 concentrations, SO3
was incorporated into the model as an additional species and a generic reaction accounts for the SO2/SO3
equilibrium [46]:
2 SO2 + O2  2 SO3 . (R.10)
The equilibrium is modelled by treating both the forward and the backward pathway of reaction (R.10)
individually. This results in separate kinetic rates for the forward and the reverse reaction
k(R.10), f = −A(R.10), f · exp
(
−E(R.10), f
RT
)
· ΦFe2O3 · [SO2] · [O2]0.5 (3)
k(R.10),r = −A(R.10),r · exp
(
−E(R.10),r
RT
)
· ΦFe2O3 · [SO3] (4)
with the constant ΦFe2O3 which may account for the catalytic impact of iron oxide (Fe2O3) in the ﬂy ash.
Experimental studies report about the catalytic eﬀect concluding that it strongly depends on the coal type,
the ash composition, and the combustion conditions [17, 18]. But given the physical complexity and the
related uncertainties, the model presently neglects the catalytic eﬀect caused by ﬂy ash (i.e. ΦFe2O3 = 1).
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Table 1: Set of parameters for modelling the SO2/SO3 equilibrium reaction [46].
no. reaction Aj E j ΔG(R.10) ΔH(R.10)
(R.10) f 2 SO2 + O2 → 2 SO3 0.011 1s 70.3 Jmol −70.80 Jmol −98.18 Jmol(R.10)r 2 SO3 → 2 SO2 + O2 0.010 69 1s 168.5 Jmol
The net rate of SO3 formation is thus given by
d [SO3]
dt
= k(R.10),r − k(R.10), f . (5)
The associated rate constants, k(R.10), f and k(R.10),r, are related by the equilibrium constant of reaction (R.10).
Accordingly, the correlations between the rate parameters of the forward and reverse reaction, i.e. the pre-
exponential factor Aj and the activation energy E j, may be stated with use of the standard free Gibbs energy
ΔG(R.10) and the heat of reaction ΔH(R.10) at 298K, respectively. The rate parameters have been derived from
a detailed chemical kinetics model setup [46]. The data are summarized in Table 1.
Sulphur retention by ﬂy ash. The ﬂy ash which is formed during pulverized coal combustion constitutes
of certain elements such as Si, Al, Fe, Na, Ca, etc. depending primarily on the mineral matter composition
of the respective coal type. In the ﬂy ash, usually the oxides of those elements are determined. For self-
retention of sulphur oxides (SO2, SO3) present in the ﬂue gas, the alkaline earth oxides (CaO, MgO) are
of major importance with CaO being the governing component [47]. Thus, the present model includes the
self-retention reaction caused by CaO via reaction (R.7).
The calcium components in the coal are considered to be transformed to ﬁne, non-porous CaO particles
which are retained in the coal ash. Ash-bound CaO is assumed to be continuously formed in parallel to
the char burnout of coal particles. In the AIOLOS code, reaction (R.7) is modelled via the Shrinking Core
Model which accounts for the physical phenomena of the gas-particle reaction as it describes the course
of the reaction in three subsequent steps [48]: (a) diﬀusion of gaseous reactants (SO2, O2) through the
surrounding gas ﬁlm to the outer particle surface, (b) diﬀusion of the reactants through the product shell
(CaSO4) into the reaction layer, and (c) kinetically limited heterogeneous reaction of gaseous reactants and
solid ash-CaO within the reaction layer.
Furthermore, experiments have shown that water vapour has a catalytic eﬀect on the self-retention reac-
tion of SO2 with CaO [49]. This phenomenon needs to be incorporated into the present model – especially
for the description of oxy-fuel combustion with wet ﬂue gas recycling conditions with elevated water vapour
partial pressures compared to conventional air-ﬁring conditions. Accordingly, the catalytic eﬀect is intro-
duced into the reaction rate by a scaling factor which accounts for the water vapour concentration [49]:
ΦH2O = 1.77 · [H2O]0.25 . (6)
Potential retention eﬀects for SO3 via reaction (R.8) are not included. This eﬀect is supposed to have
negligible impact on the global SOx emissions due to the relatively small amount of SO3 within the furnace.
3. Comparison of simulation and experiments
Experimental setup. Both non-staged and staged tests have been carried out at IFK’s semi-industrial scale
furnace [27, 50]. Detailed experimental data were compiled by in-ﬂame measurements as well as continuous
exhaust gas monitoring focusing speciﬁcally on the sulphuric gas species.
The top-mounted swirl burner is illustrated schematically in Fig. 2. As indicated by the arrows, two
swirl generators are integrated in the annular cross-sections of the burner which introduce the secondary
oxidant into the furnace (i.e. SA-1 and SA-2). The total inlet ﬂow is divided into a concentric clearance
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Fig. 2: Schematic of the swirl burner with inlets for air and oxy-fuel operation.
Table 2: Boundary conditions of the test cases.
Coal
[
kg/h
]
Inlet oxidant streams* [%]
PA PA SA-1 SA-2 SP
Air, non-staged 60.6 8.9 18.3 72.8 0.0
Air, staged 54.8 9.2 12.6 50.2 28.0
Oxy, non-staged 61.1 10.5 21.1 68.4 0.0
Oxy, staged 55.3 9.6 16.4 66.4 7.6
Oxidant composition at SA-1 and SA-2 [vol.-%]
O2 CO2 H2O inerts (N2 +Ar)
Air, non-staged 20.84 0.04 0.49 77.71
Air, staged 20.84 0.04 0.49 77.71
Oxy, non-staged 34.74 43.98 16.77 4.51
Oxy, staged 25.04 52.56 18.52 3.88
* given as fraction of total inlet ﬂow at STP conditions
where the pulverized coal is transported by a primary stream (PA) and two separate secondary streams with
the oxidant compositions depending on the operation mode. During the staged combustion tests the burnout
oxidant consists of bottled air at conventional air-ﬁring operation and of pure oxygen at oxy-fuel operation.
The corresponding staging port (SP) is located at a distance of about 2m from the burner outlet.
The operating conditions of the test cases are listed in Table 2. All the cases are characterized by similar
thermal input of about 320 kWth and a global oxidant-to-fuel ratio of λ ≈ 1.15. During both oxy-fuel cases
the ﬂue gas recycling is operated in wet mode resulting in a total O2 content in the combustion gas of
30 vol.-% (non-staged case) and 27 vol.-% (staged case).
Fuel properties of the ﬁred Lausitz lignite are compiled in Table 3. The coal batches varied from non-
staged to staged combustion trials. The approximated particle size distributions for each coal batch have
been derived from sieve analysis which has been mapped into ten discrete particle classes for the simulations.
Table 3: Properties of Lausitz lignite (given on as-received-basis in [wt.-%]).
Proximate analysis Ultimate analysis
Cﬁx Volatiles Moisture Ash C H N S O
non-staged 31.45 41.65 10.15 16.75 49.70 3.89 0.53 1.69 17.29
staged 33.76 46.73 8.49 11.03 52.93 4.01 0.47 2.11 20.97
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(a) Air/Oxy, non-staged: gas temperature (b) Air, non-staged: gas concentrations (c) Oxy, non-staged: gas concentrations
(d) Air/Oxy, staged: gas temperature (e) Air, staged: gas concentrations (f) Oxy, staged: gas concentrations
Fig. 3: Results of the basic combustion simulation for the reference cases showing axial proﬁles along the
furnace centerline (note the diﬀerent scales in the gas concentration plots for Air and Oxy).
Comparison of simulation and experiment. The results of the basic combustion calculations with AIOLOS
are presented focusing on gas temperature and the main combustion gas species (O2, CO, CO2). Axial
proﬁles along the furnace centerline are shown for both the non-staged and the staged cases in Fig. 3. It
can be seen that the simulation results capture the experimental data very well. Nonetheless, for all the
considered cases the simulations reveal a distinct ignition delay when compared to the measurements. But
the fundamental trends are predicted correctly and also the quantitative agreement is quite satisfactory.
The results of the basic combustion simulations were then used as input for the post-processing SOx
modelling step. In Fig. 4 the results of the SOx modelling are presented showing the axial proﬁles along the
centerline. The species concentrations of H2S and SO2 have been normalized to the respective peak levels
within the furnace resulting from the simulations of each case. For all four cases the model predicts an initial
H2S peak which stems from the release of organic fuel-S. After that the intermediate H2S is converted to
SO2 and after a distance of about 2m from the burner there is basically no more H2S left in the furnace. In
parallel, SO2 is released from the inorganic fuel-S. From about 1.5m downstream the SO2 level is almost
constant.
The comparison of the simulations to the experimental data reveals that the overall trends are predicted
correctly. The SO2 proﬁles in the oxy-fuel cases seem to better match the measurements than in the air-ﬁring
cases which fail to cover the initial SO2 peak in the near-burner region. Regarding the oxidant staging, the
model captures the associated eﬀects correctly. While in both non-staged cases the SO2 concentration
slightly decreases from about 2m downstream due to the self-retention eﬀect, in the staged cases the model
predicts a further increase of the SO2 concentration caused by the additional oxidant injection. Moreover,
the H2S levels in the near-burner region are higher in case of staged combustion because of the local sub-
stoichiometric conditions which entail the H2S oxidation to be delayed. The calculated mean sulphuric gas
concentrations at a distance of 2.67m from the burner are compiled in Table 4. As expected, H2S is basically
not existent. The oxy-fuel cases have signiﬁcantly higher levels for both SO2 and SO3 than the air-ﬁring
cases which corresponds to the experimental observations.
Another unresolved issue is the validation of both H2S and SO3 behaviour within the furnace. Since
the utilized H2S analyzer is very sensitive to other substances the corresponding data should be considered
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(a) Air, non-staged (b) Air, staged
(c) Oxy, non-staged (d) Oxy, staged
Fig. 4: Results of the sulphur modelling showing axial proﬁles along the furnace centerline (concentrations
are normalized with corresponding peak level from the simulation results).
Table 4: Comparison of the mean sulphuric gas species concentrations at a distance of 2.67m from the
burner (given in
[
ppmv,dry
]
).
H2S SO2 SO3
Air, non-staged 0.6 1685 1.7
Air, staged 2.9 2026 1.9
Oxy, non-staged 0.3 5048 9.1
Oxy, staged 0.0 6068 5.7
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as indicatory values. As a matter of the usually applied SO3 measuring technique (i.e. the controlled
condensation method) which is limited due to temperature sensitivity and particle blocking, there are no
experimental data available in the high-temperature region of the furnace. In most cases, SO3 is thus only
measured in the ﬂue gas path after the furnace exit as well as before and after the electrostatic precipitator.
However, in the present setup of the CFD simulations, the model geometry covers only the upper part of the
furnace until a distance of 3m. Accordingly, the measurement techniques for both H2S and SO3 should be
improved for future tests and the CFD model needs to be expanded in order to study the SO3 behaviour in
the low-temperature region. This, however, will also bear additional computational cost.
4. Conclusions
An advanced sulphur chemistry sub-model has been developed and implemented into the CFD com-
bustion simulation code AIOLOS. The model accounts for heterogeneous and homogeneous reactions of
sulphuric species during the combustion process. Accordingly, it describes the release of coal sulphur into
gaseous products, homogeneous conversion of sulphuric species as well as self-retention reactions by alka-
line earth oxides bound in the coal ash.
Simulations have been performed using data from experiments at IFK’s 500 kWth furnace. Four refer-
ence cases were calculated and evaluated against the corresponding experimental data, i.e. air and oxy-fuel
mode in both non-staged and staged operation. Based on the results from the basic combustion simula-
tion with AIOLOS, the sulphur chemistry model has been applied in a subsequent post-processing step.
The sulphur related results show that the general trends regarding the species concentrations may be pre-
dicted correctly. The speciﬁc characteristics and the eﬀect of oxy-fuel conditions and oxidant staging are
also reﬂected by the simulation results. This indicates that the implemented sulphur chemistry model is
conceptually consistent.
The quantitative comparison, however, yields that considerable deviations between simulation and ex-
periment may occur for certain conditions. Speciﬁcally for the air-ﬁring conditions, the model fails to predict
the initial peaks as well as the SO2 reduction in the O2-depleted zone. Those deviations may be attributed
to the simpliﬁed single-step scheme to describe the release of inorganic sulphur and to the neglect of SO2
reduction paths in the global gas phase scheme which was applied in the present simulations.
For further investigations, it is thus recommended to extend the present approach towards using a multi-
step scheme which relies on mineral matter (pyrite) transformations during combustion. Moreover, a SO2
reduction reaction should be integrated in order to improve the modelling accuracy in sub-stoichiometric
regions. In order to ensure the reliability of the presented modelling approach, model validation should also
be performed against data from other combustion facilities of diﬀerent scales.
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